Abstract -Identification and concentration of cholesterol and its precursors were investigated in ovine milk. In order to ensure a wide variety of milk composition, 45 samples were taken during the year from the bulk milk of five herds (ranging from 130 to 2500 adult ewes) corresponding to five breeds and located in different places in Spain. Gas chromatography/mass spectrometry analysis allowed the identification of small quantities of squalene, lathosterol, desmosterol, dihydrolanosterol and lanosterol. Neither campesterol nor b-sitosterol could be detected in the studied samples. The mean values (mg·100 g -1 fat) were: cholesterol 288.44 ± 42.22; squalene 1.80 ± 0.99; lathosterol 1.81 ± 0.82; desmosterol 0.41 ± 0.30; dihydrolanosterol 4.15 ± 2.40 and lanosterol 6.86 ± 1.88. With the statistical model used, the cholesterol concentration in milk fat was shown to be influenced by an interaction between the factors time of year of sampling and breed, but the variations observed do not show a clear trend.
INTRODUCTION
The study of the milk fat sterol fraction is of great interest from a nutritional point of view and can also contribute to quality control of dairy products [3, 26] . The main component of the sterol fraction is cholesterol (cholest-5-en-3b-ol) (~300 mg·100 g -1 of fat, equivalent to 10 mg·100 mL -1 of cow's milk), which comes mainly from exchange with plasma, and for a little part (20%) from in situ synthesis [10] . Small amounts of other sterols, involved in the cholesterol biosynthesis, have also been found: in bovine milk, lanosterol (lanost-8,24-dien-3b-ol) and dihydrolanosterol (lanost-8-en-3b-ol) have been isolated and properly characterised [9] . The presence of desmosterol (cholest-5,24-dien-3b-ol), lathosterol (5a-cholest-7-en-3b-ol) and 24-methylenecholesterol has also been reported in bovine milk [27] . Addeo et al. [1] detected desmosterol, lathosterol, and lanosterol in buffalo's milk. The same sterols with dihydrolanosterol were identified in goat's milk [14] . Human milk contains desmosterol [12] , lathosterol, dihydrolanosterol, lanosterol, a dimethylsterol (4a,b-dimethyl-5a-cholest-8,24-dien-3b-ol), methostenol (4a-methyl-5a-cholest-8,24-dien-3b-ol) and squalene [21] . There is not enough information about the content of cholesterol and other sterols in ewe's milk; however, some authors have reported a slightly higher level of cholesterol as compared with cow's milk [13] .
Milk fat contains no significant amounts of plant sterols [18] . According to IDF [20] , cow's milk fat contains less than 1% of plant sterols (phytosterols). Since b-sitosterol (quantitatively the most significant of the phytosterols) is considered to be a vegetable fat or oil constituent, it is important to establish with precision the maximum level of b-sitosterol naturally present in ewe's milk in order to detect adulterations. García-Olmedo et al. [15] identified traces of two vegetable sterols in the sterol fraction of ewe's milk fat: campesterol and b-sitosterol; cholesterol represented 98.68% of the total sterols. The same authors also identified lanosterol and dihydrolanosterol in the alcoholic terpenic fraction and isolated other components that could not be identified [16] .
This paper deals with the identification of sterols (cholesterol and its precursors) in ovine milk fat and their quantitative determinations using an alkali-catalysed transesterification procedure with KOHmethanol and gas chromatography (GC) and GC-mass spectrometry (GC-MS) analysis.
MATERIALS AND METHODS

Samples and standards
Milk samples were collected at monthly intervals during the milking period from five ovine herds. They were taken from the storage tanks containing milk from the whole herd. Each herd consisted of a different breed: CH (Churra breed with 130 head), W (Awassi breed with 2500 head), A´C (cross between Assaf and Castellana breeds with 170 head), M (Manchega breed with 2200 head) and A (Assaf breed with 480 head). The herds were located in different places in Spain to ensure a wide variety of milk composition. For statistical analysis, the samples were distributed into four groups or seasons: Jan, Feb and Mar; Apr, May and Jun; Jul, Aug and Sep; Oct, Nov and Dec (1, 2, 3 and 4 respectively).
A total of 45 samples were collected over the year. The samples from the herds of breeds M and W were distributed between January and December (12 samples/ herd). The number of samples per herd for the other breeds was adjusted to the duration of lactation (7 months on average), because births were clustered. 5a-cholestane, which was used as an internal standard for quantitative purposes, and the sterol standards that were used for qualitative analysis were purchased from Sigma (Sigma-Aldrich Química, Madrid, Spain) and found to be pure (> 99%), except lanosterol which contained about 30-40% dihydrolanosterol.
Sterol analysis
Fat was extracted following a procedure described by Alonso et al. [4] and frozen at -20 ºC in amber vials until analysis. For preparation of methyl esters, the fat was esterified as described by Christopherson and Glass [11] . Methyl esters, containing the sterol fraction, were directly analysed by GC. For quantitative determinations, 100 mL of a solution of 5a-cholestane (2.18 mg·mL -1 hexane) was added to about 100 mg of fat weighed to 0.1 mg as internal standard. The response factor for cholesterol versus 5a-cholestane was determined using cholesterol/5a-cholestane mixtures. The different samples of ewe's milk fat were analysed two times with two injections each. The repeatibility of the analytical method for cholesterol and minor sterols was verified by three determinations and three injections of several samples [3] .
For identification of minor sterols, the unsaponifiable fraction of some samples was prepared following a standard procedure [20] .
Gas chromatography conditions
GC analysis of sterols was performed on a Model AutoSystem gas chromatograph (Perkin-Elmer, Beaconsfield, UK) equipped with a flame-ionisation detector and a capillary column (30 m ´ 0.22 mm 0 .10 mm) coated with Rtx-65TG (65% diphenyl, 35% dimethyl polysiloxane) (Resteck, Bellefonte, PA, USA). The carrier gas was He with a flow of 1.3 kg·cm -2 and a split ratio 1:40, the column temperature was 280°C and the injector and detector temperature was 350°C. Peak were first tentatively identified by comparison of relative retention times with pure standards followed by confirmation by mass spectrometry.
Gas chromatography-mass spectrometry conditions
The same column described above was installed in a HP-6890 gas chromatograph with a 5973 quadrupole mass detector working in EI mode at 70 eV (both from Agilent Technologies, Palo Alto, CA, USA), with He as carrier gas. Temperatures were 320°C for the injector and 270 °C for the column.
Statistical analysis
Statistical analysis consisted of two-way analysis of variance, namely the breed and the season. General Lineal Models (two ways) and one-way ANOVA [for each season: one-way (breed) and for each breed: one-way (season)] and a paired test (Bonferroni) using SPSS 10.0 for Windows 98 were used. To calculate dependencies between parameters, pooled correlation analysis was performed defining the two groups in terms of the two effects: season and breed.
RESULTS AND DISCUSSION
Identification
The chromatograms of methylated samples of ewe's milk fat containing the sterol fraction showed a profile similar to that found in goat's milk fat [14] , with a large cholesterol peak and minor quantities of other components appearing with the relative retention times (RRT) to cholesterol shown in Table I . GC-MS analysis allowed the identification of small quantities of squalene, desmosterol, lathosterol, dihydrolanosterol and lanosterol. These sterols have also been found in milk from species other than sheep [1, 9, 14, 21] and their presence in milk can be explained by the fact that they are intermediate products in cholesterol biosynthesis from squalene.
Some small peaks appearing in the chromatograms had RRTs similar to those corresponding to campesterol and b-sitosterol, but their mass spectra were very poor and could not be clearly assigned to these. An experiment was run working in SIM (selected ion monitoring) mode: ions at 382 and 400 were selected for campesterol, and ions at 303 and 414 for b-sitosterol. Very small peaks appeared at the expected retention times, but these ions could also be present in the spectra of some methylsterols or dimethylsterols, so that the identification of both phytosterols is doubtful. They would be present if at all at a trace level (less than 0.1 mg·100 g -1 fat), in which case the detection of vegetable oils added to ewe's milk fat may be suitable.
In some chromatograms two peaks with RRT of 1.29 and 1.41 were detected at a trace level. The RRT and mass spectra were consistent with those of cholest-4-en-3-one and cholest-4,6-dien-3-one, respectively. As these products (probably resulting from cholesterol oxidation) have not been reported in milk fat, they were probably formed during the transesterification step [5] . Similar concentrations have been found in freshly prepared unsaponifiables and higher concentrations in some unsaponifiables, stored for several weeks at 4°C in the presence of air. Table I shows the mean values and standard deviations for squalene, cholesterol and other minor sterols, obtained in duplicate injections of two methylated aliquots from each fat sample. Mean cholesterol content was 288.44 mg·100 g -1 of fat and varied from 209 to 441 mg·100 g -1 of fat. Al-Khalifah and Al-Kahtani [2] reported rather low mean values for the cholesterol content in ovine ghees (265 mg·100 g -1 fat). The values reported by Haddadin et al. [17] , which varied from 14.9 to 18.2 mg of cholesterol per 100 mL of milk (with a mean value of 16.5 ± 0.34), were also low. A high variation interval in the cholesterol content in ewes' milk was reported: from 15 to 30 mg·100 mL -1 [7] . The range of variation observed in other species has also been very high: from 204 to 382 mg of cholesterol per 100 g of cow's milk fat [25] .
Quantification
Using a comparable number of samples of goat's milk, Fraga et al. [14] obtained a range of variation similar to that in the current work; the mean value expressed as fat content was higher (342 mg·100 g -1 of fat) than in ewe's milk. Fletouris et al. [13] obtained the following values in ovine, bovine and caprine milks: 21.7 ± 0.32, 12.2 ± 0.18 and 14.4 ± 0.22 mg·100 g -1 of milk; the content in ewe's milk is similar to that found in this study. Table I also shows the concentrations of the minor sterols. The total content of minor sterols varied from 4.20 to 35.16 mg·100 g -1 of fat, representing 2 to 7% of the total sterol fraction. There are no data in the literature about the content of minor sterols in ewe's milk. The proportions found in goat's and human milk were similar [14, 21] . Although desmosterol is quantitatively the main minor sterol in human milk [21] , lanosterol, which was first isolated in fat wool and yeast [24] and which is commonly accompanied by dihydrolanosterol in nature, was the most significant minor sterol found in the current study on ewe's milk (2.65 to 13.63 mg·100 g -1 of fat). This is consistent with data reported for cow's milk [27] and goat's milk [14] . Squalene content averages 1.80 mg·100 g -1 of fat (from 0.52 to 4.56), representing 0.6% of cholesterol. Figure 1 shows the mean values and ranges of cholesterol content for the various breeds and seasons.
Effect of breed and season on cholesterol content
Application of the first of the models considered (two-way ANOVA: season and breed) revealed an interaction between the two effects, and therefore the following models were applied: model 1, for each season a one-way ANOVA (breed); and model 2, for each breed a one-way ANOVA (season). Both models were supplemented with multiple comparisons using the Bonferroni test.
In model 1 the breed effect was only significant for seasons 1 and 3 (F 1 = 4.588; P 1 = 0.013 and F 3 = 4.840; P 3 = 0.006). The results of the Bonferroni test (90%) show that for season 1 the cholesterol content differed between breeds M, A×C and W; in season 3, differences were found between breeds CH, A×C and A.
The authors are unaware of any other studies that compare the cholesterol content in different breeds of sheep. The results reported for other species are inconclusive. According to Homer and Virtanen [19] , the inter-breed cow's milk cholesterol differences are slight or absent. Similarly, Mayer et al. [23] reported no significant effect of goat's breed (6 breeds, 15 animals each sample) for the cholesterol content in milk. However, significant breed differences in fat cholesterol contents were observed by Arora et al. [6] The cholesterol intake in the habitual diets of ruminants is very low; forages and cereals contain only trace amounts of cholesterol. Moreover, according to Homer and Virtanen [19] and Lu [22] , the level of fat in food does not influence the concentrations of cholesterol in cow's and goat's milk, for which no direct relationship should be expected between the diet changes associated with the season of the year and the cholesterol content in milk. However, several authors have observed that the content of cholesterol in the milk of different species varies according to the state of lactation [8, 19, 21] although the data analysed in these studies are expressed on total milk. In the present study, in two of the five herds births proceeded throughout the year (there was no grouping), so that the lactation period was not associated with a season. This and the fact that cholesterol is expressed in relation to fat (and not to the milk as a whole) may explain why the variations observed for the seasonal effect present no clear trend (Fig. 1). Table II shows the correlation coefficients between cholesterol and its precursors, expressed in mmol·mmol -1 cholesterol. Cholesterol precursors may be passively released into the milk proportionally to their intracellular concentrations. The concentration of squalene in milk (the first of these precursors), which is around 0.6% of the cholesterol, did not correlate with that of cholesterol (or any of the other intermediate products); however, cholesterol did correlate with lanosterol (the second precursor in its biosynthesis).
Correlations of ovine milk cholesterol and its precursors
The low desmosterol content (0.14% of cholesterol, not included in the correlation analysis), together with the correlations between lanosterol, dihydrolanosterol and lathosterol, would seem to indicate that cholesterol synthesis in the sheep mammary gland may predominantly do not follow the unsaturated-side-chain pathway. Although still preliminary, these results seem to contrast with those reported by Kalio et al. [21] for humans, in which desmosterol (which accounts for 10% of the cholesterol concentration in milk) and the cited pathway are more preponderant. (a) and breed (b) . 
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